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Formation of wave pattern accompanied by 
electrostatic ion cyclotron instability driven by 
electron current along magnetic field lines has 
been investigated by means of two dimensional 
electrostatic particle simulation. 
We employ a two dimensional electrostatic 
magnetized particle simulation with periodic 
boundary condition. An external uniform mag-
netic field is pointing into the positive x direc-
tion. We calculate ion velocities in three di-
mension ( Vx, Vy, vz) to follow the ion cyclotron 
motion, while tracing ion positions in the x-
y plane. We adopt guiding center drift ap-
proximation for electron. Electrons and ions 
are uniformly loaded in x-y space at t = 0. 
The initial electron velocity distribution is a 
shifted-Maxwellian, whereas the initial ion ve-
locity distribution is a Maxwellian. As for the 
electron drift velocity, we have performed two 
cases. The drift velocity is constant everywhere 
in the first case. The drift velocity is given by 
Vd = O.BVte(= 0.8(Te/me) 112 ), where Vte, Te, and 
me are electron thermal speed, electron temper-
ature ( energy unit), and electron mass. The 
second case is that the drift velocity is given by 
vd(Y) = [0.6 - 0.2 cos(27ry/ Ly)]vte, where Ly is 
the system length in y direction. Other simula-
tion parameters are selected so that the electro-
static ion cyclotron wave is unstable and the ion 
acoustic wave is stable. 
The amplitudes of the electrostatic ion cy-
clotron wave increase with time. The dominant 
spacial modes changes as the electron velocity 
space distribution is modified. As the amplitude 
of the wave increases, clear patterns appear. In 
Fig. 1, we show the gray scale plot of the ion 
density fluctuation profile which is averaged over 
three time of the period of the electron plasma 
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oscillation for the case with uniform electron 
drift. We can see the mesh-like wave pattern 
which consists of the ion cyclotron wave propa-
gating ±83 degrees with respect to the magnetic 
field. On the other hand, a different pattern 
appears in the case with non-uniform electron 
drift. Figure 2 shows the ion density profile for 
the case. We can see a stripe pattern appearing. 
In the upper half plane the equi-valued lines lean 
to the right, whereas they lean to the left in the 
lower half plane. These patterns correspond to 
the ion cyclotron waves which propagate from 
the high electron drift velocity region to the low 
drift velocity region. 
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Fig. 1. Ion density profile for the uniform 
electron drift. 
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Fig. 2. Ion density profile for the non-uniform 
electron drift. 
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